Background With modern treatment, more than 95% of American men who are diagnosed with testicular cancer will be cured. Although there is growing evidence that these individuals may face heightened risk of cardiovascular disease after chemotherapy, there is a paucity of research to objectively classify health-promoting behaviors in this population and to identify the barriers to improving their health behaviors. Objectives To identify health behavior patterns in a group of testicular cancer survivors (TCSs) and the barriers to more positive health behaviors and to examine the relationship between barriers, health behaviors, and quality of life (QOL). Methods TCSs from the Pennsylvania State Cancer Registry who had been diagnosed during 1990-2005 completed a comprehensive survey about QOL, health behaviors, and barriers to optimal healthy behaviors. QOL, health behaviors, and the barriers were assessed for 189 respondents. Results Smoking (25%), risky drinking (35%), elevated body-mass index (83%), poor diet (95% did not meet the guidelines for fruit and vegetable intake), and inadequate exercise (50%) were common. Barriers to achieving optimal health behaviors were categorized as either cancer-related or competing demands. Cancer-related barriers contributed to worse physical QOL, whereas competing demands related to worse mental-health-related QOL. Limitations Our sample size was moderate and self-selected. In addition, we used self-reports rather than the more standardized observation or interview-based data collection. Conclusion TCSs demonstrate behaviors that put them at increased risk for future cardiovascular disease and complications. Interventions aimed at reducing tobacco and risky alcohol use and improving dietary and physical activity levels are needed.
T esticular cancer (TC) is the most common solid tumor diagnosed among men aged between 15 and 34 years, with about 8,000 cases being diagnosed in the United States each year. 1 Moreover, men with TC are cured at rates of more than 95% with modern therapy, 2 and there is now a growing population of testicular cancer survivors (TCSs) who live long lives without recurrence of their original cancer. Treatments for TC, however, are not without consequences. In particular, there is increasing evidence that TCSs experience increased risk for cardiovascular disease. [3] [4] [5] Te National Cancer Institute noted in a 2010 report on testicular cancer survivorship 6 that healthy behaviors (smoking cessation, improving diet, and exercise) can play a signifcant role in attenuating many of these efects and can serve as targets for future interventions aimed at risk reduction.
In addition to radical orchiectomy, platinumbased chemotherapies may be crucial for cure in about 20% of patients with TC. Yet the long-term consequences of treatment with platinum-based agents are not well characterized. Cardiovascular disease, along with risk of secondary malignant neoplasms, are the most common life-threatening, long-term efects associated with platinum-based chemotherapy, 7 with additional known late-efects that include abnormalities in the otologic, neurologic, and reproductive systems. 8 Platinum-based chemotherapy has been associated with increased incidence of cardiovascular disease, with higherthan-expected rates of coronary disease and myocardial infarction in TCSs. 9, 10 Research fndings suggest that chemotherapy-mediated endothelial injury and dysfunction translates into higher risk of cardiovascular disease. 11 TCSs who have been treated with chemotherapy have been shown to have a 3-to 4-fold increase in risk of developing cardiovascular disease. Tis increased risk in survivors has led to a call to identify interventions that can be implemented to improve morbidity and mortality.
Original Report not seem to be the only risk factor for cardiovascular disease in this population. Zagers and colleagues 12 reported an elevated risk for cardiac event mortality in long-term follow-up in individuals treated with radiotherapy alone. Others have reported an elevated Framingham cardiovascular risk profle among TCSs regardless of treatment regimen. 11 As noted by Haugnes, 7 although late-efects and risks may be brought on by disease, treatment, genetic predisposition, and behavioral factors, only behavioral factors represent a clear target for later intervention. In particular, health behaviors are associated with risk reduction for cardiovascular disease and, to a lesser extent, secondary malignancies such as those associated with smoking. 13 Tis includes behaviors that improve cardiovascular health (eg, diet and exercise) and those that avoid harm (eg, smoking cessation and moderation of alcohol use). Terefore, eforts to identify areas for risk reduction in the TCS population might beneft from concurrent eforts to understand the psychosocial barriers that inhibit optimal health behaviors.
Tere are a handful of studies that seek to quantify the health behaviors of TCSs. Tese studies have shown that survivors may be more likely to engage in problem drinking or make poor dietary choices 14 and generally feel that they are not getting sufcient exercise. 15 Although this work has begun to identify behaviors that may beneft from intervention, it has not specifcally sought to understand the barriers that prevent TCSs from achieving optimal health behaviors.
Health-related quality of life (QOL) is a multidimensional construct that includes physical and mental health components and subjective assessments of functional, social, health, and afective status or well-being. Although quality of life is diminished in TCSs during acute treatment, the physical and mental aspects of QOL tend to rebound in the years after treatment. 16 Indeed, research suggests that within a few years after treatment, physical and mental health QOL in TCSs is comparable with the physical and mental QOL of healthy controls. 17, 18 Although the type of treatment received (eg, chemotherapy and retroperitoneal lymph node dissection) afects QOL in the short term, these efects tend to dissipate over time, with long-term QOL being more closely related to the presence of treatment side efects and cancer-related distress. 19 Moreover, health behaviors in general have been shown to be associated with QOL in both observational [20] [21] [22] and interventional 23 studies of cancer survivors, although these associations have not been examined in TCSs. Te goal of this study was to identify health behavior patterns in a large group of TCSs, to elucidate more clearly what barriers prevent more positive health behaviors, and to examine the relationships between health behaviors, barriers to better health behavior, and QOL.
With a better understanding of which behaviors to target in TCSs and of the perceived barriers to their engaging in positive health behaviors, providers will be better equipped to help survivors achieve benefcial behavioral changes. Quality of life. QOL was assessed using the Functional Assessment of Cancer Terapy -General (FACT-G), 24 which consists of 27 items assessing general quality of life domains that included physical, social/family, emotional, functional well-being, as well as a total QOL score. Te FACT-G has been well validated and shown to be reliable. 24, 25 In addition, the 12-item Short Form Health Survey (SF-12) 26 was used to assess emotional and social functioning and role limitations. Tis measure has been used extensively in various medical populations and has yielded rich normative data.
Method

Study design
Health behaviors. Health behaviors were assessed using the battery suggested by Glasgow and colleagues. 27 Tis 22-item measure assesses physical activity levels using the Rapid Assessment of Physical Activity, 28 which assess aerobic activity and strength and fexibility in adults. Drinking behavior was assessed using items from the Behavior Risk Factor Surveillance System (BRFSS), 29 which ofer the ability to detect risky drinking (defned as 2 or more drinks a day on average or 5 or more drinks in one sitting in the previous 30 days), to examine changes in binge drinking, and to compare the fndings with national norms. Cigarette smoking was assessed with 3 items from national health surveys that enquire about smoking history, current smoking status, and extent of smoking. Individual items are taken from national surveys [29] [30] [31] and provide normative data. Eating patterns were assessed with the Starting the Conversation (STC) dietary tool, which assesses food patterns versus nutrient or fat intake and has been validated by Paxton and colleagues.
32 Tis 8-item measure has values that range from 0-16, with lower scores indicating healthier diet.
Barriers to health care behaviors. Barriers to health care behaviors were assessed using a newly created measure. Seventeen TCSs who were recruited from an in-house clinic completed qualitative semistructured interviews before information saturation was reached. Tose who completed interviews were white and non-hispanic. Teir age range was 21-53 years, with a mean age of of 38.6 years (standard deviation [SD], 7.8). Time since diagnosis ranged from 2.1 to 14.2 years (mean, 4.9 years [SD, 3.8] ). Participants were paid $20 for participation. Temes derived from the interview data were then used to construct items refecting attitudes and beliefs concerning health behaviors. Items were reviewed for clarity and completeness by the investigator team until consensus was reached. Te resulting initial scale to be examined contained 48 items. Potential items with predominately negative correlations across other items were then reverse scaled.
Next we performed an initial evaluation by examining the corrected item-total score correlations. Items that correlated to the corrected scale at a value of < 0.30 were eliminated. Te remaining 19 items were subjected to principle axis factoring. Examination of the scree plot suggested a 3-factor solution. However, the third factor produced an eigenvalue of less than 1.0, so a 2-factor solution was examined. Factors were then reproduced and rotated using Promax rotation with Kaiser normalization. Rotated items with clean characteristics (ie, loadings of greater than 0.4 on the primary factor and less than 0.3 on the secondary factor) were retained. Tis dropped the number of items to 10. Reanalysis using the same parameters suggested this 2-factor solution to be a good ft to the data that accounted for 40% of the variance in items. Te 2 extracted factors were examined and named Cancer-related Barriers (CB; 6 items) and Competing Demands (CD; 4 items). Cronbach's alpha was calculated for each subscale and was adequate for both Cancer-related Barriers (alpha = 0.75) and Competing Demands (alpha = 0.78). Scale totals are averaged such that 1 = defnitely false and 5 = defnitely true, refecting greater endorsement of barriers.
Statistical analysis
Analyses included descriptive statistics, independent group t-tests, Pearson product-moment correlation coefcients, and analysis of variance as appropriate. Multivariate analyses were not performed because our goals were exploratory and bivariate rather than focused on a priori model testing. Model testing in the absence of a priori theorized relationships is known to capitalize on chance, to present a risk of over-ftting the available data, and to produce unreliable estimates . 33 All of the statistical analyses were performed using IBM SPSS 20.0.
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Results
Te study sample was predominately white, middle aged, married or living in a marriage-like situation, college educated, and working (Table 1) . Self-reported disease variables suggested a lack of knowledge of staging and type of tumor. Overall, more than two-thirds of the sample reported receipt of orchiectomy, about half reported radiation treatment, and slightly less than a third reported exposure to chemotherapy. Health-related QOL was similar to that of the general population norms on the SF-12 for the Mental (mean, 50.23 [SD, 9.58]) and Physical components (mean, 52.30 [6.54] ; normative mean 50 [SD, 10]), as seen in Table 2 . Cancer-specifc QOL on the FACT-G was also similar to or slightly higher than normative values for Physical Well-being (mean, 25.58 [3.17] Participants reported high levels of current tobacco use (including smoking and smokeless use), with almost 25% reporting current use (Table 3) . Similarly, more than a third reported alcohol behaviors that place them in the "risky drinking" category. Diet demonstrated substantial room for improvement (mean, 7.33). Of particular interest, 95% of the respondents reported inadequate fruit and vegetable intake, 43% reported 3 or more sweetened beverages a day, and 58% reported more than 1 fastfood meal a week. Although adequate levels of aerobic activity were reported Original Report by half the participants, only slightly more than a quarter reported adequate participation in both strength-training and fexibility-related leisure time activities. Overall, 83.5% of the sample reported BMI levels that were higher than the normal range, with more than one-third falling into the obese range. Participants were more likely to endorse Competing Demands (mean, 2.42) than Cancer-related Barriers (mean, 1.53; t = 10.90, P < .001). Table 4 shows the relationships between CB, CD, and health behaviors/QOL. As can be seen, CB related to worse physical functioning on the SF-12, worse QOL in all aspects of the FACT-G, and higher BMI. CD were predictive of worse psychosocial functioning on the SF-12, decreased QOL on all FACT-G scales, more unhealthy eating patterns, decreased leisure time physical activity, and a greater chance of performing inadequate aerobic as well as strength and fexibility physical activities. Neither scale related to smoking or drinking behaviors as assessed in the current study.
Health behaviors, barriers, and quality of life
Discussion and conclusions
To the best of our knowledge, this is the frst examination of barriers to health behaviors among survivors of testicular cancer. As these patients transition to survivorship, their primary health concerns move from acute oncologic treatment to prevention and remediation of long-term and late efects of disease and treatment. Addressing health behaviors with survivors may present an opportunity for providers to minimize long-term negative efects of therapy. Te results of this work highlight heterogeneity among the barriers to optimal healthy behaviors. Although TCSs experience clear cancerrelated barriers, competing demands seem to play a larger role limiting their health behaviors. Our work highlights several barriers to practicing positive health behaviors that providers can target. Specifcally, targeting interventions to address patient-perceived barriers is likely to result in benefcial longterm improvements in health. About half of our sample reported adequate aerobic exercise. Tat approximates to the national 52.1% rate of aerobic exercise in working-age men reported by the Centers for Disease Control. 35 Similarly, 28% of the study population reported adequate strength and fexibility, compared with the national rate of 29.1%. 35 Tere is currently a lack of specifc interventions for TCSs. However, there are more general strategies for encouraging exercise in cancer survivors. 36 Tese include working to increase provider awareness of the importance of posttreatment exercise and making increased physical activity part of the treatment plan. Timing is also important: a study among Norwegian cancer survivors showed that young men who received chemotherapy were the most interested in receiving counseling and/or education about exercise and that they wanted to start immediately after fnishing treatment. 37 Tobacco use among this sample of TCSs was close to the national average for similarly aged men. 38 Tis is consistent with fndings from previous studies, 39 but somewhat higher than other examinations of smoking behaviors among TCSs.
14 Te link between cardiovascular disease and smoking is well established. 40 Given the increased risk of cardiovascular disease among TCSs, 11 that fnding takes on added importance. Research fndings suggest that cancer survivors are more likely to quit smoking if they are men and if their cancer diagnosis was not related to smoking. 41 Tis implies that TCSs may be more amenable to intervention than are other groups, and further research into tailoring smoking cessation therapies to TCSs is needed. It is noteworthy that work by Shinn and colleagues found that smoking in TCSs correlated with depression, 42 which suggests that particular attention should be paid to screening TCS smokers for depression and providing appropriate treatment for depression because it may increase likelihood of tobacco cessation.
Our data also suggest that although exercise levels and dietary intake are related to many aspects of QOL, TCSs are limited by competing demands (eg, time, work). Moreover, these barriers to positive health behaviors relate to poorer mental health QOL, poorer dietary choices, and a greater likelihood of inadequate exercise. Similarly, participants with greater cancer-related barriers had worse physical QOL and a higher BMI. Tere is good evidence that regular and/or highintensity exercise can improve QOL and lower the BMI. 15, 43 Higher levels of physical activity are also associated with lower levels of depression and lower levels of tobacco use. Tus, one way to address QOL may be to encourage higher levels of exercise for TCSs. Our results suggest that although some survivors may need support for cancer-related limitations to improve physical QOL, competing demands play a more profound role in health behaviors. Tis may not be surprising given the relatively young age and high level of education Original Report and employment of this sample. Overcoming these barriers is likely to require a multifaceted approach that can work within the time and energy constraints of a busy group of survivors. For example, a study with breast cancer survivors found that involving survivors in 3 day-long workshops led to signifcantly increased knowledge of their disease and a signifcant increase in exercise levels at 6 months, compared with controls. 44 Evidence also suggests that education in time management and positive reinforcement can help improve survivor adherence to regular exercise. 45 Tese interventions have the potential to improve health behavior adherence and deserve further investigation in the TCS population.
In our study sample, QOL scores were similar to or even slightly higher than one would fnd in non-TCS populations. [46] [47] [48] At the same time, rates of elevated BMI, poor diet, smoking, risky alcohol use, and inadequate physical activity were rather high, particularly considering the elevated risk of cardiovascular disease in this population. TCSs seem to be relatively well functioning and healthy men who can expect to live 40 to 50 years after treatment 7 but they are often remiss about participating in positive health care behaviors. Given their high level of physical and emotional functioning, life expectancy, and risks for cardiovascular disease, they might be more willing and able than many members of the general population to act on recommendations for improving health behaviors if that were made a priority by their treatment providers. It is critical to educate TCSs about the health risks associated with their treatment as well as the positive health behaviors that could improve their overall health and QOL.
Our study suggests that reducing or working within the competing demands of these men's busy lives may also be necessary to help them afect change. As noted by Haugnes and colleagues, 7 health behaviors and lifestyle factors are among the few cardiovascular risk factors that are amenable to change in this population. Tese should be made a focus in survivorship care.
Tis study is not without limitations. Te sample, although the largest to date that specifcally examines health behaviors among TCSs, is modest in size. Moreover, the relatively low response rate may imply difculties in generalization because of self-selection. We note, however, that this was likely a more diverse and representative sample than would have been obtained had we recruited patients from a single institution. Health behaviors were assessed through self-report rather than more observational or standardized means (eg, daily food diaries). Tis is a common practice in the literature and allows for comparisons between our sample and those of other investigators. Te tool for assessment of barriers to health behaviors is new and has only been used in this sample to date. Additional validation work needs to be completed before defnitive statements can be about results using this measure. Although signifcant associations and diferences were described, the efect sizes were modest. For example, the largest correlation reported suggests that less than 13% of variance is shared between BMI and Physical Health on the SF-12. Tis implies that other factors are likely playing a role in QOL. Finally, given that this was a state registrybased sample, information on abstracted disease and treatment was not available. In addition, patient reports of their disease and treatment information may not be reliable. 49 For example, nearly a third of participants did not know their initial disease staging.
Given the negative health behaviors prevalent in this sample and the risk for cardiovascular long-term and late efects of treatment, interventions are needed to reduce tobacco and risky alcohol use and improve dietary and physical activity. Interventions should be targeted to address the most relevant barriers, such as the competing demands of adult life among a compromised population as well as cancer-related limitations. Further investigation is needed into specifc behavior-related barriers and to identify specifc interventions to address them. 
